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Polyanilines are of particular current interest primarily due to their dative ease of synthesis, low cost and stable conductivity in air. The insulating, polyaniline emeraldine base (PAM-EB) form becomes elecmcally conducting by preferential protonation or 'doping' the imine nitrogen sites to yield an electrically conducting polyamline emeraldine salt (PAM-ES). Conductivity values of polyanilines range from insulating to 300 and are both dopant and concentration sensitive. Like most other organic conducting polymers, the PAM-ES form suffers from limited solubility in common solvents. Cao etc. al. recently found that this limited solubility can be overcome by functionalizing the dopant counter-anion with pdar and non-polar analogs to promote solubility in common solvents.
These functionalized anions act as both flexiblizm and surfactants to the stiff plyaniline backbone to result in a soluble and processable form of PAM-ES. In addition to counter-anions providing surfactant activity, the structure of the dopant counter-anion may influence the nature of how the charged polyaniline chains stack into crystal structures, which in turn, affects the bulk electrical conductivity of the PAM-ES.
Another barrier to the use of these materials is that their doped form, when cast from solution, is inherently brittle, and thus must be blended with another polymer to be useful in most industrial applications. In PAM-=, the onset of electrical conductivity occurs at low vdume fracFm of the conductive component, compared to metal filied composites. This is primarily due to the unique morphology of the PAM-ES that is formed within the insulating host polymer. PAM-ES forms a network structure at vdume fractions of < 1 96. Figure 1 shows WAXS diffractographs for several optimally doped polyanilines emeraldine salts (Le. PAM-0.50-ES) and an undoped polyaniline emeraidine base (i.e.
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cast from HFIP. In general, doping acts to change the crystallineorder of the PAM-ES. This increase in order is apparently due to the increase in chain mobility. However, as seen in Figure 1 , the relative increase in the degree of crystallinity from PAM-EB to PAM-ES is dependent upon the choice of dopant. Optimally doped PANI-0.50-HCSA salt shows the highest number of diffraction peaks compared to the other dopants surveyed.
Also seen in Figure 1 is evidence of the effect of interchain packing of plymilinechains as a function of dopant counter-anion size. The smaller dopant, HMSA, shows a small diffraction peak at 8.9 (28), d= 0.99 nm.
This highlighted peak in Figure 1 shifts to smaller scattering angles as the counter-anion increases in size from HBSA (5.0 ' (28), d = 1.8 nm) to HDBSA (2.6 (28), d = 3.4 nm). It is thought that the respective PAM-ES contain regions of layers which are determined by the dopant counteranion size. The lack of well defined Bragg reflections in these PAM-ES samples does not permit a more detailed interpretation of chain ordering.
Since transport of charge carriers (i.e. chain hopping) occurs dong the cham direchon and between chains, it is likely that dopant induced changes in the polyamline chain spacing are related to the observed (Figure 1 ) electrical conduction properties. Figure 2 shows SAXS from PAM-ES / polycaprolacmn blends. At the lowest values of Q (i.e. c 0.5 nm-') intense scattering indicates the presence of some additional component (i.e. perhaps small voids) in 100 % pdycaprolactam, PAM-ES and respective blends. In addition, the 100 9% po~~capro~actam sample has a small shoulder at Q II 0.9 nm-' or 1.1' (28) that corresponds to an 8 nm periodicity. This implies that the host material is semi-crystalline when cast from HFiP solvent. The -40 % (vol/vol) blends are seen to suppress the 8 nm periodicity between the lamellae crystals. However, the degree to which this long-range order is suppressed is Seen to be dependent upon the functionality of the dopant counter-anion.
Scattering by PANI-ES I polycaprolactam blends.
For example, the 41 % loading of PAM-0.SeHDBSA shows some mmants of the peak corresponding to the 8 nm lamellae spacing; however, the 41 8 PAM-0.50-HCSA completely suppresses the peak. This
Suggests that the HCSA dopant anion is interacting with the pOlycaprofactam to a greater extent. This is primarily due to a combination Of an increase in hydrogen bonding interactions and similarities in polarity between the two blend components. The same trend is found in the 20 96 (vol/vol) loading of the respective saits in polycaprolactam.
The WAXS diffractogxaph in Figure 3e shows that the polyCaproractam Crystal structure is primarily the a form ' when solution cast from HFIP. Figures 3-a to 3- 
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